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A.P.I. SESSION ON REFINING PROCESSES 

Continuous-Coking Process 
Shows Ability to Handle 
Heavy Feed Stocks 

by Valonllne Mekler, H. Schulle, and T. I. Whipple 
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i_Sln»pIlficd no« di«Kn.m »f l.OOO-bbl. per day cuiilact coking unit. 



rpVWl continuous-contact coking proc- - 
^ ess has now been tested in commer- 
cial operation, and results show that 
the fi>IIowing advantages accrue from 
its application: 

# Heavier residues than those nor- 
mallv handled hy the conventional dc- 
liived coking method can be upgraded. 

'# F-lexihility of the process permiis 
processing stocks of widely different 
chariictcrlslics to obtain wider ranges 
o\' viclds and product specifications. 

• Need for intermiiient cleaning o! 
coke drums is eliminated. 

# Product coke is clean, hard, uni- 
form in size, and easily handled anil 
marketed. 

• Ciipital investment and operating 
liibor for a contact unit are less than for 
a delayed ct>king unit. 

Ihe first commercial continuous con- 
laci coking unit was erected in the Mc- 
Kee refinery of Shamrock Oil & <"ias 
( orp., Siinriiy, lox. It was designed to 
p r o cess vacuum-distillation residue 
Irom Pwnliandle crude oil — at a nomi- 
nal charge rate of I.OOO bbl. per dav— 
tor the production o\ gas, gast^line, gas 
oil for catalytic cracking feed, and 
coke. 

'I"he unit has been in operation lor 
the past S months, during which period 
yields over a wide range of operating 
conditions were obtained. The outstand- 
ing feature of the unit is its flexibility 
:uk1 ability to handle feed stocks much 
heavier than normally can be proc- 
essed bv conventional delayed coking. 

Data' on yields, product specifica- 
tii>ns, and operating costs are pre- 
sented herein. 

Development . , . The development 
work on the continuous-contact coking 
process has been carried out during the 
p:<st 6 years, and was described in ear- 
lier publications.^ - ^ This work w;is ac- 
complished with: (1) a laboratory unit; 
(2) a 50-bbl. per day pilot unit, fol- 
lowetl bv (3) a lOO-bbl. per day semi- 
• commercial unit; and, finally, (4) the 
cimimercial unit described in this paper. 
Yield correlations between laboratory 
unit and the commercial unit have been 
established. The laboratory unit now is 
used to evaluate any slock with rea- 
sonable confidence. 

Description of L'ntt 
Fic. I is a simplified .flow diagram 
of the 1 ,()00-bbl. per day unit. 

The unit consists essentially of: (I) 
•A reactor in which the oil-welted coke 
particles or "seed" coke flow downward 
us a" dense bed; sufficient time is pro- 
vided in the reactor for the cracking, 
coking, and drying reactions; (2) a re- 

Aulhors associated with the Lummus Co.. 
New York. Paper presented twforc refining 
division. A.IM., annual meeting. Chicago, No- 
vember 9, 1953. 
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A.P.I. : Refining Processes 

heater in which ihe circulating ci>kc is 
raised in temperature ti) supply the heat 
o\ reaction, some sensible heat to the 
leed, antl radiation losses; (3) a coke- 
circulating system which uses the 
■■mass-flow" principle to elevate the 
coke as a dense unagitaled column; 
aiui, (4) a fractionation system for the 
separation of products. 

The vacuum-residue feet! is intro- 
duced into the hottt>m of the fraction- 
alor, where it is mixed with recycle 
stock and further preheated in a tubu- 
lar healer !t> approximately 700" l\ 
Vhh feed is mixed thoroughly with the 
hot circulating coke stream. The light- 
er portions o\ the feed are vapori/ed, 
and the heavier ctuislituents are re- 
tained on the coke particles as a litjuid 
lilm. As the coking reaction proceeds, 
the film is converted into gas, hydro- 
carbon vap(n"s, and residual coke, and 
llie laUcr is relatncd (V1 the seed par- 
ticle. 

As successive inerL'nienls ol coke arc 
depi>si!ed, a gratlual increase in coke- 
particle si/e occurs. I lie larger par- 
ticles, which have a tliamcter o! ap- 
jiroximately ' 2 in. or more, are drauji 
(^tf continuously as product coke to 
maintain a nearly constant coke inven- 
torv in the system. The vapors from the 
reactor, at a temperature of ^Ot)' to 
I, ()()()■ \\, are quencheLl and released 
to Ihe fractionator. I-rom the bottom 
of the reactor the dried coke is ele- 
vated to the disengager by a low-pres- 
sure mass lift which is "powered" by 
Ihe reacti>r pressure of 35 psig. 

'rhe coke from the disengager flows 
hv gravity into the rehcalcr. where it 
is healed to between KOOO' and IJOO" 
F, by gas firing or bv burning a por- 
tion of the coke. The reliealetl coke is 
discharged intermitientlv bv gravitv into 
the lock tank, from uhich it flows into 
the lift tank to start a'notlier cvcle of 




Via. 2 — C;eneral \lcw of coiKacI rnkiiiK unit at plant of Stitiinrricli Oil & (^orp., Siinruy, Tex. 



Ihe ct>ke circuit, 'i he eneigy lor circu- 
lating the coke is supplied hy 150-psig. 
steam at the lilt tank. The sequence 
of coke lli»w from Ihe rehealer and lock 
tank is controlled aiilomatically hy a 
cycle timer. 

'I'his. is tile first ct>mmercial instaila- 
lion <d' the "mass-llow lift" developet! 
by llnitMi Oil Co. of California. Tlie 
coke circulation is continuous ami 
smooth. Ilie rale of flow is contn^Iled 
by a rotary star valve above the re- 
heater. Only one coke level must be 
controlled— that of the reheater. Tlie 
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coke -circulation rale may He incroasei! 
or decreasetl hy varying the speed of 
the rotars siur valve. 

Ihe ratio of oil lo coke for normal 
operation is 10 bhl. of oil per day per 
ton t>f ci^ke circulation per hour» i.e., 
1 lb. of oil jier 14 lb. of coke circu- 
lated. 

Ihe general arrangement of the unit 
and equipment is shown in I^ig. 2, The 
liighest elevation of any equipment is 
KO ft. abtu'c grade, 'fhc reactor and 
reheater are supported from the third 
level abtne grade, with the blower and 
lift lank on a lower level. The contrctl 
rt>om is U>cated at urade. Advanlace 



OCTArjt NO VS If MPf FEATURE 



900 



10 to 



950 1000 
AVERAGE REACTOR TEMPCATuRE. DEC f 

Fijf. 3 — (.oiTcIalton.s of product yields vs. reactor* temperature, 
N <) V i: M B K R 16. 195 3 



. i 1 . 

900 




900 ' 1000 • 

AvtBAOf. wtACfch Tf.MP£WATu«E, Drr. r 



Mk- 4 — Correlation of f,asoUtte octane number vv. reactor tfmperafure.r 



m 



■Hi 



m 



i 



m 

m 



If 



fl.P-L: Refining Processes 

h;iN been taken of the hitest develop- 
ment in auloniiitic instrumenls for con- 
ffol of the coke-circulntini! syslem. 

Performance . . . Table I presents feed- 
sh»ek characteristics, operating condi- 
tions, yields, and product specifications 
of a typical run. 

The feed slock to the unit was a 
vacuum-distillation bottoms from Texas 
Panhandle paraffinic crude oil, and rep- 
resented approximately H) per cent on 
the crude. This is 'a much heavier 
charge slock than normally ct)u!d be 
processed by a conventional delayed- 
coking unit. 

The products were metered and, 
wherever possible, tank gages wqre 
used. (\)ke production was determined 
by* difference. Test runs under varying 
reaction temperatures were made. The 
unit operateci successfully with average 
reaction temperatures as low as 9(H)'' \\ 
and .as high as 1,025" I-. 

>y;ields for a range ol reactor lem- 
pt^'^iturcs are presented in Table 2. 



TABLK 2- 



-SUMMARY or YIKI.DS WHH VARIOI S RKACTOR TEMPKRATl RI'S 



Test No. — 
Average rcacKir fcmpcraturc, 

Yields, per cent by weight— 
Ci and lighlcr 
Ca to 400 ' l. (iasoline 
Gas oil 
Coke 

Total 

Kcscarch octane number, without TP.!, addition, 
A.S.T.M. D 908 rrcsearch method), corrected to 
10 lb. R.v.p. 



1. 




3 


4 


i.o:5 


n5 


965 




18.6 


17.1 


15.8 


' 14.^ 




27.2 


24.0 


22.0 




42.2 


47.2 


51.0 


14.0 


1.V5 


13.0. 


12.5 










100.0 


100.0 


100.0 




84.0 


Xt}.5 


76.6 


75.0 



f-rom our experience it is apparent 
that lower operating temperatures are 
practical, and could be attained by still 
further preheating of the feed stock to 
the extent that the ;hcat of vaporiza- 
tion is supplied in a tubular heat(^i and, 
thus, the coke temperature levels are re- 
duced throughout. A reduction in tem- 
perature level will reduce the gas and 
gasoline production with a correspond- 
ing increase in the yield of gas oil. 

Fig. 3 presents test-yield curves vs. 
reaction temperatures. These curves 
have been- plotted from actual data ob- 
tained from approximately 50 runs with 



I KHX.K I — PROPKRT1F.S Ol ( lIARt;!. 
.sr<K K, YIKU)S, AND PRODK I 
SPKCIFICATIONS 



Charging stock— 

(Gravity, °A.IM. 

Materia! boiliirg at \owct thafi *)^0'' 

I-., per cent by volume 
Sulfur, per cent by weight 
< ontadson carbon, per cent hv 

weight 

Viscosity -(Sayboll J-'iirol) at 122 
1-.,. sec. 

Cliaractcri/alion factor, I'.O.P. 
I'ct cent or{ crude 

Operating conditions- 
Oil inlet temperature, "l. 
(*oke inlet temperature, "I*. 
Coke outlet temperatuic. 
Aventge reactor temperatuie. 'I*. 
Ucacior prcs.su re, pstg. 

Mass lift— 
Coki- circulation, tons per hour 
1 lit -tank pressure, psig. 
1 if I steam, n>. per htuir 

yields, pet cent by weiglit-- 
Ci and lighter 
C* to 400"" l-\ gasoline 

Ga.'i oil 
Coke 



Inventory C(»ke — Screen analysis — 
I*cr cent by wt. retained on screen: 
I vicr Screen 

0.25 -iti. nicsh 
4 O.I87-in. mesh 
6 0.131-in. mcsl» 
8 0.096-in- mesh 
12 0.065-in. mesh 
18 • 0.039-in.. mesh 
Pan 



Texas 
Panhandle 
vacutnn 
bottoms 
18.V 

2.0 
0.6 

11.7 

1.227 

ion 



690 
')I5 
36 



7.*; 

1.^0 
650 



14. 

22.0 
M.o 
115 

1 00.0 



49.0 
21.4 

n.8 

12.6 
1.8 

^ 0.9 
0,5 



Product inspection: 

Gas analysis, per cent by weiglit- 
Mcthane and lighter 
f'thylcne 
1-thanc 
Propylene 
Propane 
Mutanc 
Hulvlene 



Per cent olefins 

Gasoline — 
Gravity, "A.P.I. 

A.S.T.M. dislillalion. "P.: 

Initial boiling point 
. 10 per cent point 

SO per cent point 

90 per cent pt>int 

pjid point 

Research octane number: 
Without THL addititMi 
With addition of 3 ml. I r.L per 
gal. . 

Characterization factor. U.O.P. 
Anilir\e point. "\\ 
Sulfur, per cent 

Gas (»il~- 
Gravity, " A.P.I. 
Vaci^tmi di.slillation. "P. at 760 
mm.: 

Initial boiling point 
10 per cent point 
50 per cent point 
90 per cent point 
Characleri/ation factor, IJ/).P. 

Coke- 
Bulk density, lb. per cu. ft. 
Volatile matter, per cent by weight 

Ash. per cent by weight 

Sulfur, per cent by weight . . 



18.1 
II. 1 
15.5 

25.4 
3.3 
13.0 
13:6 

100.0 

50.1 



n6 

202 
281 
362 
395 



76.5 

83.0 

11. 
99.0 
0.14 



400 
500 
76{J 
1 .050 
11.85 



64.0 
3.7 
1.0 
0.6 
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varving operating conditions. The trend 
of the curves for each of the products 
is similar to yields obtained from a 
delayed coking . operation. Compared 
with delayed coking, the yields from 
contact coking show considerably low- 
er coke production with higher gas and 
qasoline yields. 

The important point, which is evi- 
dent from these curves, is thai the op- 
erating temperature range of a contact 
coker is much wider than can be ob- 
tained with it conventional delayed 
coker and, likewise, the product yields 
. and specifications can be controlled 
over a wider range. 

Product Specifications 

r-ig. 4 presents the relationship be- 
tween the octane number of the gasi)- 
line vs. average reactor temperature. 
For a reaction temperature of 95(1" F.. 
the octane number, A.S.T.M. D 9()H 
(research method), without TEL addi- 
tion, is 75; whereas at a temperature 
of 1,025° F. the octane number is S4. 
The lead susceptibility of the gasoline 
is improved approximately 6 to 8 points 
with the addition of 3 ml. of TEL. Oc- 
tane numbers of the gasoline produced 
on a delayed-coking unit from the same 
paraffinic stock will run 10 to 15 poiiHs 
lower, 

A gas analysis is presented in Table 
1. It will be noticed that the olefin 
production is approximately 50 per cent 
of the total gas. The corresponding 
yield of olefins from delayed coking 
is about LS per cent. This concentra- 
tion of olefins could be increased con- 
siderably by operation at "higher coke 
temperatures. Some refiners will be in- 
terested in a maximum of gas produc- 
tion with high olefin content for chem- 
ical-plant feed stock. A pilot unit is 
presenllv in operation to investigate 
the high temperature levels for maxi- 
mum production of olefins. 

The specifications of the gas oil from 
the contact coking unit are similar to 
gas oil from the "delayed coking unit 
when the same heavy stock is charged. 
Normally the charging stock to a de- 
layed, coking unit is a long reduced 
crude which contains a high percentage 
of virgin middle distillate. 

The industry today requires, and; iiv 
the future will require, higher yields- 
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tit" middle distilhilcs. Wjciium distipa- 
lion carried to a hcavv pitch produces 
a maximum of virgin distillate, 'i he 
contact coker then provides a new lool 
to handle and convert the heavy pitch 
to gasoline and additional i:as oil. Also 
the middle distillate, which normally is 
used as cutback to make marketable 
Uiel oil of the vacuum bottoms, is then 
available for other uses.. 

Acct^mpanvint! is a phott^graph o! a 
sample of the equilihriunvcoke inven- 
lorv. The coke is of high mechanical 
strength, and withstands shock heating 
and cooling without noticeable fracture 
or failure. It is free-flowing, and has 
proved to be an excellent medium for 
supplying the required heat to the oil. 
The product coke is essentially spheri- 
callv-shapcd. and it is approximately '2 
in. in diameter. It is harder and lower 
in volatile content than petroleum coke 
uhich has been protiuced in a delayetl 
coker. The ash conleiit atul sultur dc- 
pend on the source of the feed stcK'k. 
The product ^coke ntn'mally is suitable 
tor electrode manufacture when cal- 
cined. 

Process oquipnieiit . . . Because this unit 
represents a lO-to-l increase in capac- 
ity t>ver the lOO-hhk per day piK^t plant 
previously operated, some "scale-up" 
facttir problcm.s could 'be expected. The 
novel features of the proceU et|uipmeni 
are the oil-coke mixing system, the 
mass-lift system, and the coke rehealer. 
I he mixing .system required consider- 
able time to obtain perfect perform- 
ance. F-ortunately, the final solution is 
one which readily may be extrapolated 
-to much larger sizes. 

I he mass-lift operatitMi was compli- 
eateti bv the radical diflerence in the 
cfiaracleristics of the petroleum coke 
tiset! as "seed" and the equilihriufii ma- 
terial obtained after startup. However, 
minor modifications re'sulted in s.iiis- 
f.tcttMV operation. 

The coke-rehcaler capacity was 
somewhat inadequate, and coukl not 
be ctMTecled fnllt vvitboLit extensive 
changes \o the onginal equipmenl. 'I he 
reduced heat inptit to the coke has 
limited' the oil-charge capacit\. 

*Iesls have shtnvn ibal the other 
equipment is atiequate lor the tlesign 
capacity. The unit also has operated 
satisfactorily at the design coke-oil ratio 
by reduction of the coke circulation." 
In a new unit the rehealer tieticiency 
can be corrected readily on the basis 
of data t^blaineti during operation of 
this unit. 

Invostmenf and Opcradng Costs 

Based on the experience with tiie 
l.OOO-bbl. per day unit, there is under 
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I 'tilitics — 
Waier. g.p.ni. 
Steam, lb, per htujr 
I-uel, million H.t.n. 

per hour 
I-lectricity, kw. 
Operalinj^ labor. 

men per shift 
InvestrTU'Mi. tii^llais 

Diiec! eliaiges, 
dollars per ila\ ~ 
Raw materia! 

I ifilities 
I abnr 

Maintenance 
ToVM charges 



1 .^t)0 
! \000 



50 



I /tOO.OOO 



2.500 

'417 
lux 
1 10 



2.200 
10,(»0{) 

25 
.50 



2.100,000 



2,500 

216 
130 

3,209 



\';tltie of products. 

dolhus pet day X.15I 7,765 

! )itTerentiaI profit,* 

(loiiars per day 5.016 4.556 
Differential ptofit,* 

«Inllars per year I.6^S.2K0 1.50:^.480 



f'a\off,* months 



1 1.6 



i.3.9 



Asstimid \ allies of CliarKliiK Stock, ProiliicK 
nilUfcs, and Labor 

(Onfact process 

and delayed 
coking process 



( harging stock, 
(tollars per hhl. 

Products ■ - 

f)as, cents pet mil- 
lion li.i.u. 

( lasoiine. cents per 
gallon; 
HO O.N. 
64 O.N. 
, <ias oil, diJlIars 
per hhl. 

( 'nke. dollars per ton 

Utilities — . 
Water, cents per 
1,000 gat. 

Sfeani, cents per 

l.oon ib. 

f iiel, cents per mil- 

li<in H.t.u.^ 
[•lectricity. cents per 

kw.-hr. 

I abor fcosi per 
hour), dollars 



I on 



11.75 
It. 00 



6.00 



1.5 

2') 
t).75 

2.25 



♦I)(jcs not include taxes, insurance, amor- 
/ation. interest, ami royalties. 



desii^n i\ 2.5()()-bbl. per day iini! \^hich 
incorporates the modified mechanical 
features. 

An economic comparison of a 2,.*5()0- 
hhl. per ilay continuous contact dik- 
ing unit vs. a delayed unit has been 
prepared on the basis of charging Tan- 
hantlle \acuvjm bottoms. These data 
are presented in Table 3. The com- 
parismi indicates that, at this capacity, 
the over-all economics favors the con- 
tact coking process. 

When credit is allowed U^r the po- 
tential recovery of oletii^s in the prod- 
uct gas at a value of } cents per pt>tMid, 
the li>tal differenlial profit is !i»2T7!,- 
280 per year. The corresponding Irg- 
ure for a delayed coking unit is $l/»5f\- 
480 per vear. The difference favors 
the contact coker by $514,000 per 
year. 

The over-al! operating labor requireil 
is considerably less lor a contact imit. 
I'he coke drum turn-around labor, 
which normallv ctmsists of unheading, 
coke cleaning, and reheading ol the 
drums, is eliminated. I he unit is han- 
dled by tuo operators. 

.Summary 

Continuous C(MUact coking is a new 
process lor the upgrading t)f heavier 
residues tfian lu^rmallv can be haiuiled 
by the convent ii)nal delayed coking 
method. 

A c(^ntinuous contact coking unit, 
in combination with vacuum Hashing 
to a heavy pilch, will produce a maxi- 
mum of mitidle distillate, and thus pro- 
vide a new tool to assist in meeting. the 
industry's need ft)r higher yields of 
middle anti light distillates. 

The inherent flexibility of ' the proc- 
ess permits processing stocks of witlely 
clifferent characteristics and, by vary- 
ing the t>perating conditions, a much 
wider range of yields and product spec- 
if ical.ions are obtained than heretolore 
possible. 

T)ie ptocess is continuous, ami thus 
eliminates the intermittent cleaning oT 
coke drimis anil attendant expense. 

I he product coke is clean, hard, utii- 
form iti si/e, and easily handled and 
marketed. 

Ihe capital investment and operat- 
ing labor lor a contact unit are less 
. than for a delayed coking unit. 

Hngineering designs for a 2,500-bbI, 
per dav unit are now being completed. 
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